(EMB) agar, Endo's agar, and phenol red lactose broth (Difco) were used. Basal agar and broth were prepared as described by Spizizen (1958) . Tetrazolium-lactose agar was made by adding, to penassay agar, 1 per cent lactose and 0.005 per cent 2,3, 5-triphenyl tetrazolium chloride (National Aniline Division, Allied Chemical and Dye Company; sterilized by filtration). A convenient enrichment medium selective for lac+ cells of E. coli was the previously mentioned basal broth in which glucose was replaced by 0.05 to 0.25 per cent lactose.
Amino acids and vitamins, added to the basal media for the study of auxotrophs, were furnished by the California Corporation for Biochemical Research.
Counts. Total cell count was performed using a Petroff-Hausser counting chamber.
Mutation rates were calculated by two methods . Of these, the papilla method (Ryan, Schwartz, and Fried, 1955) is not suitable for the estimationi of mutation rate of unstable strains because the number of papillas is so large as to cause them to fuse early; however, the fluctuation test (Luria and Delbriick, 1943; Newcombe, 1948) can be used for these strains.
Induction of mutations by heat in dry vegetative cells (E. coli; 130 C) and in spores (B. subtilis; 155 C) was performed as described previously (Zamenhof, 1960) .
The actual temperature reached by the cells while heating in a vacuum was measured by a thermocouple inserted into the glass bulb and connected to an electronic temperature indicator outside of the vacuum system. Induction of mutations by nitrous acid. Mutation in vegetative cells of B. subtilis and E. coli was performed by a modification of a method described previously (Zamenhof, 1958b) .
Portions of basal broth (5 ml) were inoculated and incubated for 15 to 24 hr at 37 C. To each culture 1 ml of 8.7 M NaNO2 was added; the resulting pH was 6.8 (B. subtilis) and 5.5 (E. coli). The mixture was incubated at 25 C. The survivors (2 X 10-6 of the original population after 60 min incubation in B. subtilis; 10-6 after 15 min incubation in E. coli) were tested for the presence of mutants as described below. The low viability of the usually acid-resistant cells of E. coli after the treatment (compare also Kaudewitz, 1959 ) is due to the low pH at which nitrous acid undoubtedly injures the bacterial membrane before this acid has a chance to react with heredity determinants in a buffered cytoplasm. Isolation of mutants. After the treatment with mutagen, auxotrophs were isolated by replica plating, as described previously (Zamenhof, 1960) . Because of the high mutation rate achieved, replica plating were performed with a simple pin transferring device (Szybalski, 1956) (Lederberg, 1950a A mannitol-tetrazolium agar for the detection of mutants other than fermentation type has been described by Newcombe and Whitehead (1951 The existence of such strains of intermediate ,B-galactosidase contents has been recognized in the past (Bonner, 1951; Lederberg et al., 1951; Lederberg, 1952) , but their isolation was handicapped by the lack of suitable agar media.
Determination of 3-galactosidase. The various appearances on tetrazolium-lactose agar were correlated with the amounts of ,B-galactosidase produced by these strains. The determination of the total amount of this enzyme (constitutive or adaptive) was performed essentially as described previously (Lederberg, 1950b; Rickenberg, Yanofsky and Bonner, 1953; Rotman, 1958) .
The strains used were mutants produced by heat and isolated on tetrazolium-lactose agar as described above. Total cell counts of 20-hr-old cultures (37 C) were made and 1-ml samples of the cultures were lysed by the addition of 0.1 ml benzene and incubation at 32 C for 10 min. Portions (0.1 ml) of the lysates were added to tubes containing 2 ml of 0.05 M phosphate buffer (pH 7.05) and 2 ml of a solution of 1.5 mg of o-nitrophenyl-,3-D-galactopyranoside per ml of the above buffer. After incubation at 32 C for 10 min the reaction was stopped by the addition of 2 ml of a 1 M solution of K2CO3 and read in Klett colorimeter (filter 42). These values were corrected to express the enzyme content per 108 cells of each culture. It can be seen (table 1) that the mutants, discernible on tetrazolium-lactose agar, have characteristic contents of ,B-galactosidase; these contents were used as reference in further work.
The mutations to various levels of production of 3-galactosidase or other enzymes can occur at the nominal locus or at another locus. In this study no attempt was made to determine the loci involved.
RESULTS
Fermentation mutants. The treatment of the wild (lac+) strain 15 of E. coli by heat or by nitrous acid produced lactose fermentation mutants of many levels of enzyme content (table 1) (Zamenhof, 1958a (Zamenhof, , b, 1960 . A total of 0.3 to 1.5 per cent of obviously stable fermentation mutants were isolated (back mutation rate to lac+: 1 per 108 cells per generation down to none per 1011 cells examined); in addition, 0.2 to 1.5 per cent of colorless colonies with sectors (j% to SY4 of the entire colony) of various intensities of red color (table 1) were isolated directly after mutagen treatment. No lac-mutants (entire or sectored colony) were discovered when 105 colonies that were not treated with mutagens were examined.
The possibility that some of the sectored colonies are merely due to accidental proximity of the lac+ and lac-cells is unlikely as shown by Witkin (1951) and by Kaplan (1952) . Additional evidence was obtained in this work by demonstrating that the proportion of sectored colonies was independent of the number of colonies per plate; in contrast, the artifact sectors resulting from accidental proximity of lac+ and lac-cells occur only on crowded plates (more than 200 colonies per plate) and their proportion depends on the degree of crowding.
Further information concerning the nature of sectors was obtained by growing the cells in basal broth containing lactose instead of glucose (see Material and Methods), prior to plating on tetrazolium-lactose agar. This broth, selective for lac+ cells, practically eliminates all lac-cells (of the lowest level of enzyme production) and completely eliminates the subsequent presence of artifact sectors on tetrazolium-lactose agar, when a mixed inoculum of stable lac+ and lac-cells was used to inoculate the broth. On the other hand, when this inoculum contained cells giving rise to true sectors, such cells were not eliminated and, on subsequent plating on this agar, sectored colonies in unchanged proportion were obtained (figure 1). Restreaking of red portion of the sectored colonies allows one to place them in the following categories: 1) Stable mutants (approximately 60 per cent of all sectored colonies). On restreaking the red portions of such colonies, only red colonies of the particular level of enzyme production (table 1) were obtained. Both types are hereditary and very stable. It is likely that the appearance of sectored colonies directly after mutagen treatment was due to either or both of the following: (i) the mutagen affected only one strand of a deoxyribonucleic acid (DNA) molecule or only one nucleus of a multinucleate cell; (ii) The mutation occurred after the first cell division (delayed mutation) (Witkin, 1951; Zamenhof, 1960 (Newcombe, 1953) .
or by nitrous acid produced 1 to 10 per cent5 auxotrophic mutants (Zamenhof, 1958a (Zamenhof, , b, 1960 . This work was now continued using, in addition, the indole-strain of B. subtilis as a parent strain.
Mutational injury produced by heat was retained on storage: when the cells of E. coli or spores of B. subtilis were stored in the dry state in a vacuum for 1 month after heating as described previously (Zamenhof, 1960) , the subsequent test revealed no significant change in viability or frequency of fermentation mutants (E. coli) and auxotrophs (E. coli and B. subtilis).
MIost of the mutants (with or without storage) exhibited a normal back-mutation rate of 1 per 106 cells per generation, or a subnormal backx) containing mutation rate, down to the cases where no backimong stable mutations could be demonstrated in 101" cells Tetrazolium-examined. However, 15 to 18 per cent of 161 examined auxotrophs were unstable (table 2).
The auxotrophs were arginine-, methionine-, ears that the histidine-, (others not studied). The back-mutah maintained tion rates (fluctuation test) were of the order of ch generation 104 to 4 X 10-2 per cell per generation. either stable An unstable auxotroph can be readily recog-,nomenon re-nized by its growth pattern (figure 2). After 24 ;ectored colo-hr incubation (37 C) of restreaked single colo->,1946; Kap-nies, prototroph (1) yields confluent growth on penassay and basal agar; stable auxotrophs (2 le cells giving and 4) yield confluent growth on penassay, but liminated by none on basal agar; unstable auxotroph (3) tes lac7 cells; yields confluent growth on penassay but only cells are not few colonies (back-mutants to prototrophy) on hich the lac+ basal agar; on further incubation the number of ting on tetra-these colonies rapidly increases as progressively -(red) cells more back-mutants are produced. These backigure 1); this mutants are stable prototrophs; however, the he mutations original unstable strain can be maintained inhave first oc-definitely if transferred on full media which do on the agar not offer selective advantage to the back-musiderable size tants. tomyces have been described (Kaplan, 1952; Newcombe, 1953) . The spontaneous occurrence of the unstable strains has also been reported (Zelle, 1942; Bunting, 1946; Lederberg, 1952; Goldstein and Smoot, 1955) . In these cases the occurrence was rare and uncontrolled; in one study, all alterations of mutability, whether spontaneous or induced, were in the direction of greater stability (Lederberg, 1952) . The present work has demonstrated that by means of heat and nitrous acid the changes in the direction of gene unstabilization can be induced as well.
The exact change in the molecule of the heredity determinant responsible for the creation of instability has not yet been established. With reference to the heating of cells in an aqueous suspension , evidence has been presented that the DNA, heated in a similar way in neutral solution, suffers a loss of purines by hydrolysis and therefore conceivably a loss of genetic information (Greer and Zamenhof, 1959) . In the case of heating in a dry state (Zamenhof, 1960) , pyrolysis rather than hydrolysis of DNA takes place but splitting of purines also occurs (Greer and Zamenhof, unpublished data) , with or without destruction of the sugar.
The effect of nitrous acid on DNA having biological (transforming) activity has been studied (Zamenhof, Alexander, and Leidy, 1953) ; a 1,000-fold reduction of the transforming activity has occurred when less than 10 molecules of adenine and guanine have been deaminated.
These results imply that the removal of even a few amino groups results in a destruction of the genetic information. The production of mutants by treatment in vitro of viral ribonucleic acid (RNA) (Gierer and Mundry, 1958) or bacterial DNA (Litman and Ephrussi-Taylor, 1959) has been reported. A study of the effects of another gene unstabilizing agent, 5-bromouracil on the transforming principle has also been recently made (Ephrati-Elizur and Zamenhof, 1959) . The study of these and other chemical changes in the DNA molecule may be useful in an attempt to explain the induced error in gene replication (mutation); however, the chemical explanation of the induced hereditary susceptibility to err (gene unstabilization) would be purely speculative and therefore it is not offered at present. Gene unstabilization could result from a mutation at the nominal locus under study, or at another, so called "mutator" locus. The existence of such mutator genes in Drosophila (Demeree, 1941; Zamenhof, 1945a, b) , in maize (Rhoades, 1941; McClintock, 1951) and in bacteria (Treffers, Spinelli, and Belser, 1954; Goldstein and Smoot, 1955) has been reported; however, other studies have indicated that, at least in some cases, the intrinsic factors determining the degree of mutability appear to reside within the nominal locus itself (Lederberg, 1952) .
Several mechanisms conferring selective advantages to unstable strains, in competition with stable ones, have been demonstrated ; thus, unstable genes may not be eliminated and may play an important role in evolution.
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SUMMARY
The treatment by heat (130 to 155 C) or by nitrous acid induces, in addition to stable mutants, unstable lactose fermentation mutants (Escherichia coli) and unstable auxotrophs (E. coli and Bacillus subtilis). Of these, the unstable fermentation mutants were detected as some of the sectored colonies on a convenient medium penassay-tetrazolium-lactose agar which also permits detection of mutants of intermediate content of ,B-galactosidase. The back-mutation rates of unstable auxotrophs were 10-4 to 4 X 10-2; however, unstable strains can be maintained indefinitely and studied. The chemical action on deoxyribonucleic acid of mutagens producing gene unstabilization and the possible evolutionary significance of unstable genes have been briefly discussed.
